Mammalian fatty acid synthetase was shown to be composed of two peptides, molecular weight 240,000, after dissociation with sodium dodecyl sulfate. Rat liver polysomes that synthesize fatty acid synthetase were identified by sucrose gradient analysis of polysomes that had been reacted with 12 I-labeled antibody against fatty acid synthetase. The binding of 125I-labeled antibody to polysomes was found to correlate with the rate of hepatic fatty acid synthesis in various nutritional conditions. Fatty acid synthetase (FAS) has been identified in all biological systems that catalyze the de novo synthesis of long chain fatty acids from acetyl CoA and malonyl CoA (1-3). Although the mechanisms of the sequential reactions that constitute the FAS are similar in various biological systems, the structures of FAS differ dramatically in prokaryotes and eukaryotes (1). Thus, the Escherichia colt FAS is composed of at least seven peptides which represent the individual enzyme components and the acyl carrier protein (1, 2, 4). The yeast and animal FAS (molecular weight 2.2 X 106 and 4.8 X 105, respectively), on the other hand, readily dissociate into only two high-molecular-weight peptide components (5-7). Harsh dissociation conditions have been reported to produce lower molecular weight peptides from the yeast (8) and animal FAS (9, 10).
Fatty acid synthetase (FAS) has been identified in all biological systems that catalyze the de novo synthesis of long chain fatty acids from acetyl CoA and malonyl CoA (1) (2) (3) . Although the mechanisms of the sequential reactions that constitute the FAS are similar in various biological systems, the structures of FAS differ dramatically in prokaryotes and eukaryotes (1) . Thus, the Escherichia colt FAS is composed of at least seven peptides which represent the individual enzyme components and the acyl carrier protein (1, 2, 4) . The yeast and animal FAS (molecular weight 2.2 X 106 and 4.8 X 105, respectively), on the other hand, readily dissociate into only two high-molecular-weight peptide components (5) (6) (7) . Harsh dissociation conditions have been reported to produce lower molecular weight peptides from the yeast (8) and animal FAS (9, 10) .
Another distinguishing feature of the animal system is the response of FAS to nutritional and hormonal perturbations.
Thus, FAS activity is depressed in starved animals; upon refeeding a fat-free diet the enzyme activity increases to super high levels (1, (11) (12) (13) (14) . Low levels of FAS activity are also found in diabetic animals, and this condition is reversed by the administration of insulin (15, 16) . The changes in enzyme activity noted during starvation and diabetes are due to changes in the amount of FAS and not to activation or inactivation of existing enzyme (11, (12) (13) (14) (15) (16) . The amount of FAS present in both liver and adipose tissue is largely regulated by the rate of FAS synthesis in these organs (11, 14, 17) .
What are the controlling factors involved in the synthesis of FAS? To get some insight into this, we have studied the components of protein synthesis at the molecular level. The approach that was taken initially involved the identification of polysomes synthesizing FAS and was based on the methods developed in Schimke's laboratory (18) (19) (20) (21) . In that work, polysomes from hen oviduct synthesizing ovalbumin (18) (19) (20) and conalbumin (20) and from rat liver synthesizing albumin (21) Chang liver cell FAS was obtained from cells adapted to grow in suspension. Two liters of culture (106 cells per ml) were used. Cells were cultured and FAS was induced as previously described (23) except that [3H]pantothenic acid was substituted for unlabeled pantothenic acid in the medium. Cell-free extracts were prepared as previously described (23) . FAS was purified from these extracts in the same manner as was used with rat liver. The FAS obtained from both sources, assayed as previously described (23) (21) .
Isolation of Polysomes. Polysomes were prepared from the livers of rats maintained under the different nutritional conditions described in the text by the procedure of Taylor and Schimke (21) except that heparin (500 ug/ml) was added after the first centrifugation. This was followed by incubation with 75 units/ml of a-amylase (Worthington) at 00 for 30 min to decrease the amount of glycogen in livers from fed rats. Polysomes were then isolated as described (21) units in 0.5 ml) were incubated with 6.5 gg of 1251-labeled antibody for 1 hr at and then dialyzed for an additional 3 hr against Buffer A at 00. After dialysis the polysomes were centrifuged on sucrose gradients, the gradients were fractionated, A260 was monitored, and radioactivity was determined (see Materials and Methods). Upper and lower solid lines are the A260 profiles of the higher and lower levels of polysomes. Radioactivity of 125I-labeled antibody against FAS centrifuged in absence of polysomes (-); with 6 A260 units of polysomes (-); with 12 A260 units of polysomes (0).
RESULTS
Peptide structure of mammalian FAS Prior to our studies of the mechanism of control of the synthesis of FAS in mammals, it was important to understand the peptide structure of the mammalian FAS, which has a molecular weight of 480,000 (7) . To do this, Chang liver cells were grown in culture in the presence of [3H]pantothenic acid to label the FAS prosthetic group, 4'-phosphopantetheine, and the enzyme was purified to apparent homogeneity. Electrophoresis of FAS, after dissociation of the peptides with NaDodSO4, was carried out on NaDodSO4-polyacrylamide gels. As shown in Fig. 1 somes obtained from livers of rats that were starved and then refed a fat-free diet. Two levels of polysomes were used with a constant level of antibody. A broad peak of radioactivity was found associated with the heavier polysomes. No radioactive peak was found in the absence of polysomes, thus demonstrating that the rapidly sedimenting radioactivity in the presence of polysomes was not due to large aggregates of 125I-labeled antibody.
Free FAS effectively competed with the putative FAS nascent chains on the polysomes for binding to antibody as shown in Fig. 3 It has been shown that starved animals synthesize FAS at approximately 18% the rate of rats fed normal rat chow, while rats fed a fat-free diet synthesize FAS approximately 14 times faster than rats fed a normal diet (14) . The differences in rates of FAS synthesis were reflected in the amount of labeled antibody bound to the polysomes, suggesting that more FAS nascent peptides were associated with polysomes under these conditions (Fig. 5) . A constant amount of 125I-labeled antibody against rat FAS was reacted with equal concentrations of polysomes obtained from a starved animal, a normally fed animal, and an animal that had been starved and then refed the fat-free diet. In all three cases the polysome profiles were similar. Polysomes from refed animals bound the expected quantities of labeled antibody. Although very few counts were associated with the polysomes from the starved animals, a radioactive peak was found with the polysomes from normally fed animals. Thus, the binding of antibody against rat FAS to polysomes reflects the nutritional state of the animal.
Further studies were carried out to determine whether the binding of antibody to polysomes correlated with the time of appearance of increased levels of FAS in the liver. Animals were starved and then refed the fat-free diet for varying periods of time, after which they were sacrificed. The specific activity of FAS was determined at each time point (Fig. 6) . After a lag of approximately 4 hr, there was a rapid rise in FAS activity which continued during the entire course of the experiment to a specific activity of 54 at 44 hr.
At 27 hr one rat was switched to a normal diet. Liver FAS (Fig. 7B) . However, relatively little binding was obtained with the polysomes from the animal that had been switched to a normal diet at 27 hr, indicating that enzyme synthesis was greatly diminished. DISCUSSION E. coli FAS consists of at least seven peptides that catalyze the sequence of reactions leading to the formation of palmitate (1, 2, 4) . The same set of reactions in yeast is catalyzed by a high-molecular-weight FAS complex, which had been shown by Sweitzer et al. (6) to consist of only two large dissimilar peptides with molecular weights of 185,000 and 180,000 on NaDodSO4-polyacrylamide gel electrophoresis. 4'-Phosphopantetheine, the covalently bound prosthetic group of acyl carrier protein, was present on the larger peptide. The presence of additional smaller peptides in yeast FAS, reported in earlier work (8) , was shown to be due to proteolysis.
Animal FAS obtained from various sources is a protein complex with a molecular weight of approximately 480,000 which, under certain conditions, dissociates into 240,000 molecular weight subunits (1, 7, 27, 28) . Workers in several laboratories have reported the isolation from animal FAS of peptides containing 4'-phosphopantetheine ranging in molecular weight from 6,000 to 100,000 (9, 10, 17, 29 therefore appears that mammalian FAS is composed of only two peptides of essentially identical molecular weight. The formation of lower molecular weight peptides probably occurs by proteolysis during the procedure utilized to dissociate the FAS. Similar conclusions have been reported recently from Wakil's laboratory (30) . The binding of l25I-labeled antibodies against several different proteins to polysomes has been used to identify the polysomes synthesizing those proteins (18) (19) (20) (21) . Applying the technique with l25-Ilabeled antibody against rat FAS to polysomes obtained from rats under different nutritional conditions permitted the identification of the liver polysomes that synthesize FAS. There was good correlation between the time of appearance in liver of increased levels of FAS at 5 hr after refeeding the fat-free diet and the binding of the antibody to the polysomes. In addition, when an animal was switched to normal diet after a high level of FAS was attained in the liver, the rise of liver FAS stopped, and a decrease in the amount of antibody bound to polysomes was noted.
Correlative evidence that l25-Ilabeled antibody against FAS is bound to the nascent chains of FAS on the polysomes has been obtained by using an in uitro translation system with the polysomes (31) . In these studies the nascent chains were completed in vitro, and the products were precipitated with antibody against FAS and identified by NaDodSO4-polyacrylamide gel electrophoresis. There was excellent agreement between the time when there was antibody-precipitable protein after completion of nascent chains and the Biochemistry: Alberts et al. binding of 125I-labeled antibody to polysomes, as described in this communication. The major antibody-precipitable peptide that was synthesized in these studies had similar molecular weight, 240,000, as the subunits of native rat-liver FAS.
